In this study, mass attenuation coefficients (µm), transmission fractions (T), mean free path (MFP) and half value layer (HVL) of the (90-x)TeO2-xMoO3-10ZnO glass system (x=10, 20 and 30 mol%) were calculated at the gamma ray photon energies of 356 keV, 662 keV, 1173 keV and 1330 keV. Shielding parameters of the glass system were calculated from the Monte Carlo simulations carried out with the Geant4 model of a high purity germanium (HPGe) detector and from the WinXCOM database software. The used Geant4 model was validated by comparing the experimentally determined mass attenuation values of the PbO-BaO-B2O3 glass system to the values calculated with Geant4. The findings of the present study reveals that the glass system containing 10% mol MoO3 exhibits better photon shielding performance compared to the glass with 30% mol of MoO3 due to the higher amount of TeO2 existed in its chemical formula.
INTRODUCTION
Investigation of the radiation shielding properties of materials is an increasing interest for researchers due to the wide use of radioactive isotopes in diverse fields, such as nuclear power plants, radiology and radiotherapy departments of hospitals, nuclear research and accelerator centers, agriculture, oil plants and archeology. Therefore, determination and knowledge of the radiation shielding properties of the materials used in these kind of places are of crucial importance to protect humans against the hazardous effects of the ionizing radiation. Gamma rays are one of the more penetrating radiation type and materials with high density and high atomic number are needed for their effective shielding. Lead is known as the best gamma ray attenuating material. Whereas, weight, price and toxicity of lead make it unpractical and uneconomical for the shielding of large areas.
Recently, radiation shielding properties of different natural or synthetically produced materials, such as concrete, sand, cement, bricks, tiles, glasses, clay materials, polymers and alloys has been studied by different researchers [1, 8] .
Having the advantages of optical transparency and easy preparation and production make the glasses attractive for the researchers to investigate and explore their shielding properties. Numerous studies reported that glasses are promising materials when used as gamma attenuator [9, 11] .
Because of this, synthesis of new glass systems have been made by several groups in order to improve their shielding potential. The gamma ray attenuation characteristics of the newly synthesized glasses have been determined either by using the experimental techniques or by using the Monte Carlo simulation codes.
Six glass pieces with composition of PbO-Li2O-B2O3 were prepared by using the melt quenching technique and the shielding properties of the samples were experimentally determined at four different gamma ray energies. The results of the study showed that the increase of PbO content increases the shielding efficiency [12] . The effect of La2O3 on the radiation attenuation characteristics of the lanthanum calcium silicoborate glasses is experimentally measured at eight different photon energies between 224 keV and 662 keV. It was reported that the increase of the La2O3 concentration results in an increase the shielding ability of the lanthanum calcium silicoborate glasses [13] . Five different samples of Bi2O3-BaO-B2O3-Na2O quaternary glass system were produced and their structural and gamma ray shielding features were investigated experimentally by Dogra et al. [14] . It was reported 
MATERIALS AND METHODS

Theoretical Background
Mass attenuation coefficient is a substantial parameter defining the penetration and diffusion of gamma ray photons within the material. Beer-Lambert's law as given by equation (1) was used to calculate the mass attenuation coefficients of the selected glass system. 
The transmission fraction, T, is the fraction of the transmitted photon intensity (I) to the incident photon intensity (I0). Plotting of T versus x can be used to estimate the decrease in the photon intensity with respect to the material thickness.
This parameter is calculated as:
The half-value layer (HVL) is the thickness of a material needed to reduce the intensity of the incident radiation by one-half. Its dependence to the linear attenuation coefficient, µ, is defined by the Eq. (4)
The mean free path (MFP) defined as the average distance travelled by a photon between two successive interactions is equal to the reciprocal of the linear attenuation coefficient as given in next equation:
Geant4 Model of HPGe Detector
Geant4 is a Monte Carlo simulation toolkit is based on the object oriented C++ programming and used for the modeling of the detectors for the high energy, nuclear, accelerator, medical and low energy physics applications. The Geant4 kernel manages runs, events and tracking of passage of particle through matter. It allows users to simulate all aspects of an experimental set up such as geometry of detector, primary particle generation of events, types of particles and physics processes such as electromagnetic, hadronic and decay physics that manages particle interactions [17] .
In this work, the simulated detector geometry is 
WinXCOM Database Software
WinXCOM database can also be used to calculate µm values of any material and this software does not require any experimental setup [19] .
Calculation of the µm values is based on the mixture rule given by the following equation.
Where wi and (µm)i are the weight fraction and mass attenuation coefficient of the i th element respectively. glasses and any other glass system which has not been investigated previously. 
RESULTS AND DISCUSSION
Validation of the Geant4 model
Photon Shielding Behavior of TeO2-MoO3-ZnO Glass System
The Geant4 and WinXCOM results of µm values for the (90-x)TeO2-xMoO3-10ZnO glass ternary (x = 10, 20, 30 mol%) are given in Table 3 . The relative differences (RD%) between the results from the both toolkits were calculated by using the following formula;
where RG and RW is the results from Geant4 and WinXCOM respectively.
As can be seen from the results presented in Table 3 , the relative difference (RD) varies between 0.8% and 4.1% and the results from Geant4 and WinXCOM are in agreement. Furthermore, it is observed that µm decreases with the increasing photon energy. This trend in µm is expected since the high energy photons have more penetration and diffusion ability within materials. Furthermore, in order to estimate the mass attenuation values at the photon energies which were not simulated, a four parameter (p0, p1, p2, p3) exponential fit in the form of µm = p0+p1•exp(p2+p3•E) has been applied to the mass attenuation data calculated for all TMZ glass samples to obtain an equation to reproduce the mass attenuation coefficients at any desired energy within the range between 356 and 1330 keV. As shown in Table 4 , the mass attenuation values calculated from the best fitted equations at the photon energies of 427.9 keV ( 125 Sb), ( 134 Cs), 834,8 keV ( 54 Mn), 1274.6 keV ( 22 Na) are in agreement with the results calculated using Geant4. It can therefore be concluded that these equations are reliable to calculate the mass attenuation of TMZ glass samples at any desired energy between 356 and 1330 keV. transmission values for all glasses are close to each other at the selected energies. Furthermore, for the photon energies starting from 1100 keV, pair production is the dominating photon interaction mechanism and above this energy interaction mechanism becomes almost independent of chemical structure. The two important parameters characterizing the shielding ability of the TMZ glass system are the mean free path (MFP) and the half value layer (HVL) of the glass system. It is important to mention here that the lesser the value of MFP and HVL of given material, the better the shielding properties it would possess and thanks to the lower value of MFP and HVL, better shielding performance can be obtained by using a thinner layer of the selected material. Fig. 5 and Fig. 6 show the plot of MFP and HVL values of the TeO2-MoO3-ZnO glass system versus the photon energies. As can be seen from these two plots, TMZ10 has the lowest and TMZ30 has the highest values of MFP and HVL at the given photon energies.
Depending on the close atomic numbers of Te and Mo elements, the observed differences for the MFP and HVL values are around 5.3% at 356 keV and 1.6% at 1330 keV for the 10% and 30% MoO3 concentrations respectively. In order to see the dependence of the mass attenuation coefficient and half value layer on the fraction of MoO3 existed in the selected glasses, these parameters were plotted versus the 10%, 20% and 30% mol of MoO3 and the dependencies were shown in Fig. 6 and Fig. 7 respectively. For 10% and 30% mol of MoO3, the mass attenuation values change from 0.120 to 0.125 at 356 keV and from 0.0487 to 0.0497 at 1330 keV respectively. In the same way, the half value layers change from 1.104 to 1.162 at 356 keV and from 2.732 to 2.775 at 1330 keV. These findings also support that the decrease occurred for Te atoms are partially compensated by the increase in the Mo atoms in the glass structure. Therefore, mass attenuation values for the minimum and maximum MoO3 concentrations do not show a significant change. 
CONCLUSION
In this study the photon shielding parameters of (90-x)TeO2-xMoO3-10ZnO glass ternary (x = 10, 20, 30 mol%) was investigated computationally using Geant4 and WinXCOM database software to exploit the shielding potential of the selected glass system. Monte Carlo outputs of the Geant4 have been analyzed and the following conclusions were arrived;
 Geant4 model of HPGe detector can be a reliable alternative to the experimental techniques especially in the absence of equipments or material samples to determine the shielding capability of any other materials.  Mass attenuation coefficients determined using Geant4 and WinXCOM agrees well.
Mass attenuation values are high at lower energy region and they decrease as the photon energy increases and stay almost unchanged at the energy region above 1100 keV. This trend observed in mass attenuation coefficients can be explained by the photon interaction mechanisms at low, medium and high energy regions in terms of photoelectric effect, Compton scattering or pair production respectively.  Thanks to the function obtained from the best fit applied to the simulated data, mass attenuation values at any desired energy can be calculated.  Increase of the MoO3 fraction from 10% to 30% in the glass structure causes an increase in the transmission fraction, half value layer and mean free path of the selected glass system and therefore weakens the shielding ability.
